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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpoae
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the frct that the Govern-
ment may have fornilated, furnished, or in any way
supplied the said drawings, specifications, or other
data 1is not to be regarded by implication or other-
wise &5 in any manner licensing the holder or any
other person or corporstion, or conveyirg any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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INTRODUCTION

Section I of this report represents a continuation
of the survey of infrared reflectance., In particular,
the effect of impurities on the infrared reflectance of
prossed materials is observed. The second section
reports some initial results of an investigation of the
properties of Li} thin {ilm chips. A brief summary of
the activities pursued during this contract is included

at the end of the rsport.

SECTION I

Continuation of the Survey of Infrared Reflectance

The infrared reflectzuce of 18 materials was
measured at normal inclidence over the wavelength
interval 2-36 microns (Figs. 1-9). This 1s a
continuation of the survey initiated in the Third
Quarterly Report of 1961. The discussion of the
spectrophotometric reproducivility and resolution in
that report remains valid for the present data.

Samples of pressed mcterials (ZrOR,BaT103,T102)
obtained fror the Titanium Alloy Manuracturing Division
of the National Lead Company made it possible to
examine the effect of the addition of impurities on
infrared reflectance. Previous measurements made on

+
single crystals of CaFp with concentrations of U++ up
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to 2.5 percent showed no change in reflectance. The
high levels of doping in the pressed smewples did effect
the infrared reflectance. Qfenerally, it was found that
the reststrahlen reflectance wecroased as the percenbag;
doping increased.

There are several possible explanations for the
impurity effect. The samples were pressed and a certain
amount of scattering is possible., It is likely that
any such scattering would depend on the impurity
concentration. The impurities also result in new
lattice vidbrational modes that might be strong enough
to sppreciably chanyie the infrared dispersion of the
material. A third possible explanation is that the
infrared dispcrsion seems to dcoend on crystallite
size (Quarterly Report #1, 1962), It is likely that
crystallite slze is strongly influenced by doping.

Only a much rore Jdetalled investigation would show
what rolc these thres mechanisms play in changing the
reststrahlen reflectance. It 18 -.szivle to make
several tentative obssrvations evon on this incomplete
data., First it 18 necessary to decide in what way
these mechanisms would be expected to effect the re-
flectance,

a. Scattorinc should decrease the reflectance in

both the reststrahlen high reflectancs band
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and at shorter wavelengths., Scattering would
be much more pronounced at short wavelengths
dropping off as a high negative power of wave-
lengthe

b. Impurity vitrational modes would orobably

result in = reflectance change only ina
1imited wavelength range near the roesonant
frequency of the mode. The dispersion due to
such a mode would penerally be very weak, but
1t can be shown that the short wavelength edge
of the reststrahlen high reflectance band 13
very sensitive to even weak dispersion terms.
¢. The effect of small crystellites would be to
enhance anharmonic effects; i.e. to smooth
out the high reflectance tand with little
chenge at short wavelengthe and to nake
combination bands more pronGincsd.

The Gecroase in roflectance TiOp (Fir. 3) it short
wavelengths stronzly indicates scattering. The zharce
in reflectance of the 8aTiO3 series ‘Tix. i) over a
large wavelength interval also sugpests a scattering
phenomenon. It is possible, though, that crystall.te
size mey have some influence in smoothing out the hizh
reflectance band. The change in reflectance of ZrO2

(Fig. 1 and 2) over only & limited wavelength interval
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at the sensitive short wavelength edge of the high
reflectance band, strongly points to the formation of an
optically active impurity mode., This is not too sur-
prising considering the high percentage of doping.
Neturally, a crystailite sizv eflTeni is impossible in
glass and scattering effects in the infrared are
improbable., Observation of impurity modes in glass is
also improbable since there are no sensitive invrinsic
high reflectance hands in the material to accentuate
such modes, Figure 7 shows that glass with impurity
concentrations up to 6 percent shows no measurable
change in infrared reflectance.

The sample of PbS (Fig. 5) was a mineral end the
polished surface was rather porous. The small peak at

9 microns may be due to quartz imnvrities,
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SECTION II
Investigation of the Properties of LiF Thin Film Chips

The meaning of crystallite size in thin films as
determined by, for example, X~ray line broadening or
electron microscopy deserves mors clarification. As
described in Section III of the Third Quarter Report an
experiment was devised to contribute to the solution of
this problem. If the crystallite size in a thin film
1s restricted by the thickness dimension of the film it
could be expested that optical measurements of film
thickness should correlate with that part of the X-ray
line broadening due to crystallite size. In this way
we might be able tn differentiate between size and
strain broadening. Specifically, it was intended to
use a sufficiently high substrate temperature for LiF
films so that the crystallite size (at least as
measured for thick LiF films) would greatly exceed the
£ilm thickness, Thus LiF films deposited at 300°C
appear to have a crystallite slzo of the order of
15,000A. If such films were wauu oalv 500A thieck 1t
might be expected that X-ray line broadening would
yield this *thickness, if there were no strain broaderi-
ing. The existence of a simple correlation between
optical thickness measurements and X-ray broadening in
a thin film assumes that crystallite size 1s
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independent of film thickness under the above conditions

In view of 2 remark by L.G. Schulz (J, Chem,Phys., 17,
1153-1162, 1549) this may not be the case, He states
that the relation between cerystallite size and film
thiskness, for L!F f1lm deposited ai room temverature,
1s a nearly linear one. In a 500A thick film he found
a crystallite size of S0A.

Despite this corplication the experiﬁent was
begun.What information it would yleld, and some
proliminary results are noted in the following. Films
of LIF thin enough to artifically restrict crystallite
8ize to dimensions amendable to X-ray line broadening
doterminations are too thin to give & satisfactory
response on the diffractometer. Accordingly the films
are made %0 the desired thickness and removed from the
glass substrate as smell flakes or chips., This
material is then compnoted to a depth sufficient for
the X-ray work.

In order to obtain a large numbsy of chips in a
single evaporation, a large suosiraha ~vez 18 noeded,
The substrate used in this exporiment is a hemispheri-
cal glass hzu) eoven inches in diameter., The source
was plwced In a position that gave a uniform coating
over the entire hemisphere. The substrate temperature

could be varied fronm 25-30000.
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To facilitate the removal of the LiF, a thin
layer (500-1000A) of 2inc sulfide was evaporated first.
The zinc sulfide was fired from a howitzer at a
pressure of 10"h Torr,

First a =evies of LiF films with an optical
thiokness of 0.bp was made at various substrate
temperatures., The LiF was fired from & tantal:m boat
at an average pressure of leo"S Torr. It was found
that at high temperatures (2C0-300°C) the films could
not be removed fror the substrate. The thlcker the
£4lm, hovaver, the more readily it could be removed,
The procedure for removing the I'ilm was to wash the
substrate with water and/or acotone, collecting the
chips in a filter paper. In view of the difficulties
with these very tuln chips some wurk with thicker ones
was interjected.

A seriea of 8p thick chips was made at 25,138, and
270°C. These will be sedimented onto a new substrate
and the X-ray diffraction pattern and reststrahlen will
bo measured and compared with the ss, meusurinonts of
the original films, Some chips heve been sedimented
onto glass and the X-ray diffraoticn patterns shox that
the ohips have the sume preferred orientation as the
original films., This 18 to bte expected aince the chivos
are flat a.d would tend to settle in a direction

parallel tu the aurface of the new aubstrats,
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CONTRACT SUMMARY

A study was made of the effect of orystallite size
on the infrared dispersioa of LAiF thin f£1lms., The
infrared rosbsbtrahlen reflectance and the cerystallite
size of evaporated thin films of LiF were found to
inorease with increasing substrate temperature during
evaporation, The change in reflectance apveared to be
due to & change in the optlocal constants of LiF. The
index of refraction of the films was calculated from
reflectance messurements using the Drude disversion
relation. The data was compared with the theoretical
vwork of H.B. Rosenstoch,

The dependence of crystu’lite asize of LiF thin
.£1lms »n the tempsrature of the aubstrate during
ovaporstion was studied. An electran microscope wss
used to examine carbon replicas of the film surfaces.
The mean dimension of the crystallites seemed to vary
from 1000~5000A for 6 micron films deposited at room
temerature to at least 15,000A for films avaporated &
300°C, It was suggested that tae protluam of film
structure might be further enlightened by the
investigation of chips of LiP fiilms, Such samples
might have the desirable properties of both thin films
and bulk material. WYork was begun in this direction.

An explanatlon of the preferred orystallographic
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orientation of thin films deposited on amorphous
substrates was presented. It was concluded that at
high substrate temperatures and low rates of evaporation
planes with low surface ¢nergy will be preferred, and at
low pubstrate bLemporatures and nigh rates of
evaporation high surface energy will be preferred,
It was shown that this 1s in good agroement with
the preferred orientations observed in germanium films,
The survey of infrared reflectance, reststrahlen
in narticular, initiated in the 1961 contract was
continued, Tho follcuiny table is a cumulative index
of tho matorinls examined in both contracts.

This report was prepared by T.P, Martin, J.D. Masso and
A.F, Turner

Submitted by
2 Zzgza¢~'gé;52:;;

A. Francis Turner, Head
Vacuum Coating Research Labs.
Material Research & Development
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